
STOP 



Early Journal Content on JSTOR, Free to Anyone in the World 

This article is one of nearly 500,000 scholarly works digitized and made freely available to everyone in 
the world byJSTOR. 

Known as the Early Journal Content, this set of works include research articles, news, letters, and other 
writings published in more than 200 of the oldest leading academic journals. The works date from the 
mid-seventeenth to the early twentieth centuries. 

We encourage people to read and share the Early Journal Content openly and to tell others that this 
resource exists. People may post this content online or redistribute in any way for non-commercial 
purposes. 

Read more about Early Journal Content at http://about.istor.org/participate-istor/individuals/early- 
journal-content . 



JSTOR is a digital library of academic journals, books, and primary source objects. JSTOR helps people 
discover, use, and build upon a wide range of content through a powerful research and teaching 
platform, and preserves this content for future generations. JSTOR is part of ITHAKA, a not-for-profit 
organization that also includes Ithaka S+R and Portico. For more information about JSTOR, please 
contact support@jstor.org. 



STATISTICAL WEIGHTING FOE AGE OF 
ADVANCED EEGISTEY COWS 

C. W. HOLDAWAY 
Virginia Agricultdeal Experiment Station^ Blacksburg^ Va. 

Any study of milk prodTiction that is made from a 
statistical standpoint mnst necessarily be complicated, for 
the reason that advancing age in a cow np to the time she 
is mature enables her to produce more milk and butter 
fat. A further difficulty lies in the fact that after ma- 
turity the effect of age on production has not been de- 
termined with any degree of certainty. Whether or not 
the increase in capacity is directly in proportion to the 
advance in age; at what age is the maximum of produc- 
tion reached ; what relation is there between age and per 
cent, of fat in milk, and at what age is a cow past the 
power of full productiveness, are all questions that need 
investigation in a broad way. 

Necessarily, the various breed associations must have 
made some comprehensive investigations to enable them 
to fix standards for milk and fat production, and since the 
only extensive authenticated records that we have are 
records of these associations, this study was made for 
the purpose of determining if their records were con- 
sistent with their standards, and if these standards could 
be u^sed as a basis for weighting cows of different ages. 

Method op Collecting Data 

Seven-day records only were used, these being secured 
from the Holstein-Friesian Blue Book, Vol. 24. For the 
purpose of future investigation all the animals in two 
direct lines of descent were tabulated, one from a female, 
the other from a male, both animals being noted ones in 
the breed. The names, herd book numbers, ages at time 
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of record, pounds of mill?;, pounds of fat, and per cent, of 
fat were all tabulated. Each animal was given an arbi- 
trary number which denoted its position in the genera- 
tion, and the position of all its direct ancestors in their 
respective generations back to the primary ancestor of 
the population. All advanced registry males were tabu- 
lated also and numbered. 

Eecokds Obtained 

From the female, Aaggie Grrace, No. 2618, H.H.B., only 
456 advanced registry records were obtained in 10 genera- 
tions. In order to secure these records about twice as 
many animals were tabulated, the others consisting of 
the A.E.O. sires and their daughters that had not them 
selves made A.E.O. records but had two or more A.E.O 
daughters. 

The male, Paul De Kol, No. 14634, H.F.H.B., in 9 gen- 
erations produced 9,639 female progeny with A.E.O. 
records. About twice this number of animals were tabu- 
lated to secure these records. 

Tabulation op Data 

Necessarily, before this large accumulation of data 
could be studied systematically, it was necessary to tabu- 
late it in concise form, and for this purpose correlation 
tables were made for each population, each table involv- 
ing a pair of variables. Thus age was compared to 
pounds of milk, age to pounds of fat, and age to percent- 
age of fat ; three tables to each population. From these 
tables the means of the characters in classes, class aver- 
age deviations, population means, average and standard 
deviations and correlation coefficients were worked out. 
Then from these data, curves were drawn to illustrate 
its trend graphically. 

Eesults 

The correlation tables I and II, compiled for the pur- 
pose of studying the frequencies and distributions of the 
population originating in the male, Paul De Kol, are not 
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shown here. The one and one and one half year class 
and the classes over ten years of age were small. For 
this reason unbalanced and irregular results would be 
expected for these classes, and by referring to the curves 
it will be seen that the premise was justified. The two 
and three year classes were represented by 1,690 and 
1,346 individuals, respectively. 

Table III gives the average deviations, mean pounds of 
milk, standard deviations, correlation coefficients and re- 
gression coefficients of the population with respect to age 
and pounds of milk and pounds of fat. Although the 
mean age is four years, the three and one half year class 
actually reached the mean pounds of milk of the popula- 
tion, as can be seen from Table IV. Correlation probably 
amounting to causation is shown in the tables up to six 
years of age, and after that age is reached the correla- 
tion is practically zero. 

TABLE III 

Correlation of Pounds of Correlation of Pounds 
Mill; to Age of Fat to Age 

Average deviation 69.8 2.91 

Standard deviation 92.4 ± 0.449 3.65 ± 0.018 

Mean pounds 395.S ± 0.635 14.00 ± 0.025 

Mean age 4.0 ±: 0.013 4.0 ± 0.009 

Correlation coefficient 0.604 ± 0.004 0.57 ± 0.005 

Eegression weight to age 29.84 it 0.0006 1.11 ± 0.00003 

Eegression age to weight 0.012 0.29 

Coefficient of variability C 23.4 ± 0.001 26.0 ± 0.001 

Table IV. This table gives the means, average devia- 
tions, and plus deviations of the different age classes for 
both milk and fat production. From these tables the 
curves for milk and fat production were plotted. They 
formed also the basis for calculating the curve which is 
used as a comparison with the Holstein-Friesian curve of 
fat and milk requirement. These tables also afford an 
interesting study from the standpoint of capacity of 
cows for milk production at different ages. 

Considering first the curves for milk production (Fig. 
1) it will be noted that curve 1, which represents the 
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pounds of milk required by the Holstein-Friesian Asso- 
ciation, must be calculated from the pounds of fat re- 
quired. This was done by taking the average per cent, 
of the whole population and calculating the number of 
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pounds of milk, having the average per cent, that would 
be necessary to make the required number of pounds of 
fat. The reason for using the average per cent, of fat 
of the whole population as a basis for calculating the 
Holstein-Friesian Association requirement curve was 
that since the correlation coefficient between age and per 
cent, of fat was so small in a table shown subsequently 
for another population, and since the popular concept is 
that per cent, of fat is not influenced by age, we felt justi- 
fied in using it. Attention is called to Table V, which 
does not bear out this assumption entirely. For milk and 
fat requirement, however, there is a strong correlation to 
age, so the classes were considered separately, each class 
having its own mean and deviation. Curves 2, 3, and 4 
were based on these class means and deviations. Curve 
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No. 2 is the mean of the population. Curve No. 3 is the 
plus deviation from the mean. Curve No. 4 is a curve 



Curves of M'/A- P/^oc/c/tfyof7 -//^.Z 




5 6 7a 
-Age. //7 Yaors- 

which tvas plotted to shotv ivhat the requirements ought 
to be if the means, deviations and varying capacity of the 
different classes are taken into account. In plotting this 
curve it was necessary to consider the basis upon which 
the minimum requirements of this population ought to 
be placed. 

The minus deviation point can not show what ought to 
be required of the class as a minimum, for such point 
would weight individuals inversely in proportion to their 
capacity. A greater deviation from the mean of the class 
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indicates here greater capacity for production of that 
class, and as tlie capacity for production of the class in- 
creases, so should the requirements increase. Therefore, 
the curve of minimum requirement should be represented 
as following the curve of plus deviation in character and 
should be in a minus direction from the mean. 

In order to conform to these conditions some basis must 
be established for calculating the minus points of the 
curve, or, in other words, the minimum requirements for 
each class. The average deviation of the whole popula- 
tion seems to be the logical basis upon which the minimum 
requirement should be based, for by its use the whole 
curve may be lowered an amount corresponding to the 
average deviation of the whole population below the mean 
of the population. The average deviation from the mean 
of the whole population is 69.8 pounds of milk. If all 
classes are to be given the benefit of the average devia- 
tion the calculation should start from the point at which 
the means are at the maximum, which is about the six- 
year class. Hence the six-year class is allowed as the 
minimum requirement, the 69.8 pounds below the mean of 
the class and the requirements of the other classes are 
worked out from this point to conform, as said before, 
to the maximum deviation curve. 

An inspection of these curves brings out the following 
points : 

That the official requirements weight animals of an age 
from 18 to 21 months too heavily. The curve indicates 
that they are entitled to a reduction as great as for any 
other age. For the purpose of discouraging such early 
breeding, however, the requirements for this particular 
class should be prohibitive and they are. 

That the production increases up to at least six years 
of age instead of five, which the Holstein-Friesian Asso- 
ciation requirements set as the maximum age production. 

That for this reason the 5- to 6-year-old animals and 
possibly the 7- to 8-year classes have an advantage over 
all other classes. 

That a comparatively small number of animals made 
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the requirement after 9 years of age, hence by selection, 
only the best animals were retained, thus drawing the 
curve down almost to a straight line. The tendency of 
the curve, however, is to recede, showing that the animals 
of these ages should not be weighted as heavily as younger 
animals. A study of a number of representatives of the 
whole breed would be necessary to determine this point. 

One of the most striking points shown by these data 
and one which substantiates the opinion of practical 
breeders of Holsteins, also brought out in the practical 
investigations of Eccles,^ is the difference in production 
and capacity between 2- and 2^-year-old and 3-year-old 
cows. The difference in the means of the production 
between 2 and 2| years was 18 pounds only, while be- 
tween 2|- and 3 years it was 46 pounds, or a total of 64 
pounds between the 2- and 3-year classes. Between the 
3- and 4-year classes the difference is almost as great, 
being 56 pounds, but the deviation of the latter class is 
not quite as great as the former. This seems to indicate 
that the 3-year animal is still at a disadvantage by reason 
of its immaturity in growth and body development. That 
the average deviation of 2|-year class was 43 pounds 
while the 3-year class deviated 56 pounds is significant 
also and leads to the conclusion that at 2|- years of age 
the Holstein is still growing, and this, combined with the 
great strain of milk production, limits the capacity of 
the class. 

It may be said by some that few 3- and 4-year-old 
animals are tested for advanced registry in comparison 
to two year olds and aged animals, and in consequence 
of this, only the best of the class make the requirements. 
This is not borne out by the data, the number in the 3- 
year-old class being second largest of all animals. 

Ctjbves of Fat Peoduction 

A study of the curves based upon the actual fat pro- 
duction of this population (Fig. 2) brings out a number 

1 Bui. No. 185, Missouri Agricultural Exp. Station. 
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of points, many of them corroborating those brought out 
in the discussion of the milk-production curves. 

Owing to the variation of the weight classes in per 
cent, fat, the curves of milk production and fat produc- 
tion agree very well when compared with the Holstein- 
Priesian Association requirement curve. 

The requirement curve in fat production (No. 4) 
crosses the Holstein-Friesian Association curve at a 
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greater age than that worked out for milk production. 
This would indicate that the classes up to 3^ years pro- 
duced milk containing a lower per cent, fat than the mean 
of the whole population. This is correct, as can be found 
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from the means of the classes. (See average per cents, 
of class means, Table V.) A similar condition obtains 
with the age classes after ten years. It would appear 
from this that matnre cows give milk slightly richer than 
immature cows, or than old cows past 10 years of age. 

A rather peculiar condition with reference to the fat 
production curve is shown in the mean results of the 
half-year ages up to the GJ-year class. Each half-year 
class advances but slightly, if at all, from its preceding 
year class, then there is a sudden drop to the next full- 
year class. The milk production curves indicate the same 
condition, though to a lesser extent, and as previously 
noted, the frequencies in these half-year classes are not 
more than 60 per cent, of the full-year classes. No good 
explanation is offered for this. It might be inferred that 
a cow freshening- at 2^ years is not much better able to 
withstand the strain of milk production than a 2-year-old, 
and that this condition continues. However, in many re- 
spects this theory does not appear sound. 

Attention is called again to the points of curve 4 for 
fat production given in Table IV. This curve is plotted 
for the purpose of showing what the requirements ought 
to be according to the performance of cows that have 
made records. The animals involved in this curve repre- 
sent 45 per cent, of all the A.E.O. records that had been 
made up to the time of publication of Vol. 24, hence the 



TABLE V 
Average Per Cents. Fat of the Classes 
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numbers are ample. First, the means of the classes of 
this population were plotted. Then their ability to devi- 
ate in a plus direction, or, in other words, to produce more 
fat as individual classes was taken into account. The 
class that had the maximum production and deviation 
ability was allowed, as a basis for its minimum require- 
ment, the full average deviation of the population in a 
minus direction from the mean, and finally the other 
classes that could not produce as much and had not the 
ability to deviate as much as this maximum class, were 
allowed the full minus deviation of the population plus 
the difference in deviation ability between their particular 
class and the maximum class which forms the apex of the 
curve. 

If these fundamental allowances are fair, impartial and 
accurate, the curve is accurate, and the only question that 
remains is whether or not it should alter the requirements 
of the Holstein-Friesian Association. If curve 4 touches 
the Holstein-Friesian Association curve at any point and 
does not coincide with it throughout, then the latter should 
be changed. It does touch it at both beginning and end, 
showing that all classes after the 2^ years and up to 11| 
years have an advantage over the others. This advan- 
tage is greatest for the classes between 5| and 11 years 
of age. 

The next consideration in connection with curve 4 is its 
application, and, when dealing with this, two things 
should be kept in mind; first, the practical, and secondly, 
the more concise and mathematical application. The 
practical application finds its expression in the endeavor 
of the Holstein-Friesian Asisociation to make a uniform 
advance per day in the fat requirement for the seven-day 
test up to the age at which it was considered the maximum 
production was reached. Table VI compares the increase 
in the amount of fat required each year over that required 
in the previous year from two up to six years, with the 
increase in amount of fat that the year classes are able 
to produce as calculated from curve 4. 



686 



THE AMEBIC AN NATURALIST 



[Vol. L 



TABLE VI 





H. F. A. Reauirements 


Curve 4 Requirements 


Age, Years 


Fat Increase, 
Yearly 


Fat Increase, 
Daily 


Fat Increase, 
Yearly 


Fat Increase, 
Daily 


2 to 3 


1.6 lbs. 

1.6 " 
1.6 " 
0.0 " 


0.00438 
0.00438 
0.00438 
0.0 


2.70 lbs. 
2.54 " 
1.06 " 
0.79 " 


00740 


3 to 4.. 


00696 


4 to 5....'. 


0.00290 


5 to 6.. 


00216 







The table shows plainly that the daily increased re- 
quirement from 2 to 3 years should be 0.0074 instead of 
0.00438, or 1.7 times as much. From 3 to 4 years should 
be 0.00696 instead of 0.00438, or 1|- times as much. From 
4 to 5, 0.0029 instead of 0.00438, of nearly i, and from 5 to 
6 years, 0.00216 instead of no increase. 



POPTJLATIOK No. 2 

The second population tabulated is that which began 
with Aaggie Grace No. 2618, H.H.B., as the primary an- 
cestress, and consists of only 456 animals. Correlation 
tables 7 and 8 are omitted, but 9 and 10 are given, and 
show all the data necessary for comparison with the 
previous population. Of course, it must be borne in mind 
that the comparison can not be too exacting, for this pop- 
ulation is altogether too few in numbers to secure smooth 
results especially when comparing classes. In fact, the 
class means and deviations. Table IX, included only the 
classes up to 9 years because of the low frequencies after 
that age. If Tables III and IV are compared with 9 and 
10, a remarkable agreement is noticed throughout, es- 
pecially in the essential points which have been discussed. 

The correlation table for age to per cent, of fat is not 
shown, but the coefficients of this table may be seen in 
Table X. The correlation coefficient is so small that it 
may seem negligible, but Table V shows that even with a 
low correlation, important points might be brought out if 
the data are sufficient. 

No endeavor will be made in this paper to enlarge on 
the exact mathematical application of these data. This 
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will be taken up later in connection with, a further study 
of the two populations. 

TABLE IX 



Class Means and Deviations of Population 2 





Age to Pounds Milk 


Age to Pounds Fat 


Age, Years 






Mean Pounds Milk 


Average Deviation 


Mean Pounds Fat 


Average Deviation"^ 


2 


286 


47.3 


10.35 


1.65 


•^ 


310 


48.6 


11.35 


1.63 


3 


392 


52.5 


13.16 


1.87 


3.V 


403 


53.5 . 


14.22 


1.97 


4 


413 


60.0 


14.30 


2.20 


4* 


470 


57.8 


16.5 


2.28 


5 


469 


56.6 


10.42 


2.30 


5A 


484 


41.4 


16.27 


2.15 


6 


504 


66.4 


17.23 


2.26 


6J 


406 


93.9 


17.75 


3.37 


7 


480 


59.2 


16.45 


1.56 


n 


471 


47.0 


17.22 


2.14 


8 


468 


60.7 


16.27 


2.48 


^ 


500 


40.0 


18.20 


3.92 


9 


447 


47.6 


15.00 


2.29 



TABLE X 
Population Coefficients; Population 2 



Age to Pounds 
Milk 

Means ;405.4 ±2.8 

Standard Deviations ; 90.39 ±2.02 

Correlation Coefficients N i 0.592±0.02 

Coefficient of Variability C i 0.223±0.005 

Kegre.ssion Weights to Age ! 26.51 ±0.042 

Eegression Age to Weight ! 0.022 



Age to Pounds 
Fat 



13.89 ±0.113 
3.593±0.08 
0.581±0.02 
0.258±0.00C 
1.057±0,002 
0.546 



Age to Per 
Cent. Fat 



3.455±0.014 
0.436±0.009 
0.08 ±0.031 
0.126±0.003 
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